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CONVERSION FACTORS, VERTICAL DATUM, WATER-QUALITY UNITS, 

AND SYMBOLS AND ABBREVIATIONS USED IN APPENDIXES

Multiply By To obtain

acre 0.004047 square kilometer

inch (in.) 25.4 millimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

square mile (mi2 ) 2.590 square kilometer

foot per day (ft/d) 731.52 centimeter per second

foot per mile (ft/mi) 0.1896 meter per kilometer

Temperature, in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) by use of the 
following equation:

°C = 5/9 (°F - 32).

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 

1929)~a geodetic datum derived from a general adjustment of the first-order level nets of both the 

United States and Canada, formerly called Sea Level Datum of 1929.

Abbreviated water-quality units used in this report: Chemical concentrations and water 

temperature are given in metric units. Chemical concentration is given in milligrams per liter (mg/L) 

or micrograms per liter (|J,g/L). Milligrams per liter is a unit expressing the concentration of chemical 

constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand 

micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, 

the numerical value is the same as for concentrations in parts per million.

Specific electrical conductance of water is expressed in microsiemens per centimeter at 25 degrees 

Celsius (|o,S/cm). This unit is equivalent to micromhos per centimeter at 25 degrees Celsius (|o,mho/cm), 

formerly used by the U.S. Geological Survey.
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WATER RESOURCES OF THE MENOMINEE INDIAN RESERVATION
OF WISCONSIN

By James T. Krohelski, Phil A. Kammerer, Jr., and Terrence D. Conlon

ABSTRACT

Water resources of the Menominee Indian 
Reservation, Wisconsin, were investigated dur­ 
ing the period October 1981 through September 
1987. The report presents baseline data and 
some interpretation of ground- and surface-water 
hydrology and quality of the Reservation.

The area stratigraphy consists of basal Pre- 
cambrian crystalline bedrock and overlying till 
and sand and gravel deposits. In the Reserva­ 
tion, the glacial deposits range in thickness from 
zero to 180 feet. The bedrock aquifer is composed 
of fractured and weathered Precambrian bedrock 
within about 20 feet of the upper bedrock surface. 
The sand and gravel aquifer is composed of satu­ 
rated, permeable sand and gravel that occurs as 
layers, lenses, terrace deposits, and valley fill­ 
ings. The glacial material has a saturated 
thickness ranging from approximately 150 feet to 
zero feet in areas where the Precambrian bedrock 
crops out. Water-table conditions commonly 
occur in both aquifers. Horizontal hydraulic con­ 
ductivity of the sand and gravel and bedrock 
aquifers is estimated to be 5 and 0.3 feet per day, 
respectively.

The Wolf River and its tributaries drain the 
Reservation except for the eastern quarter, which 
is drained by the South Branch of the Oconto 
River. The average discharge of the Wolf River, 
monitored continuously during 1907-85 at Kesh- 
ena Falls near Keshena, was 762 ft3/s (cubic feet 
per second). Maximum instantaneous discharge 
was 5,200 ft3/s recorded on March 15, 1973, and 
the minimum was 91 ft3/s recorded on December 
22,1939. Low flow and flood-frequency character­ 
istics for the Wolf River were estimated using 
mean-daily discharge for the period of record at 
Keshena Falls.

Ground water from the sand and gravel and 
bedrock aquifers is a calcium magnesium bicar­ 
bonate type. The composition of waters from the 
two aquifers is similar because water recharging 
the bedrock aquifer is from the overlying sand 
and gravel aquifer. Iron or manganese concentra­

tions exceeding secondary maximum contam­ 
inant levels were found in water samples from 
approximately one-quarter to one-half of the 
wells sampled.

Approximately three-quarters of the ground 
water sampled during the study is moderately 
hard to very hard, with a median hardness equal 
to 171 mg/L (milligrams per liter) (as calcium car­ 
bonate) for the sand and gravel aquifer and 165 
mg/L (as calcium carbonate) for the bedrock aqui­ 
fer. Alkalinity of the ground water ranged from 
26 to 211 mg/L, with a median value of 182 mg/L 
(as calcium carbonate) for the sand and gravel 
aquifer and ranged from 72 to 250 mg/L, with a 
median value of 170 mg/L (as calcium carbonate) 
for the bedrock aquifer.

Water samples collected from Reservation 
streams and lakes were similar to ground water 
(calcium magnesium bicarbonate type), reflecting 
the strong surface-water/ground-water interac­ 
tion in the study area. The chemical composition 
of water from lakes having inlets or outlets indi­ 
cate that they are not influenced by precipitation 
as much as lakes that do not have inlets or out­ 
lets.

INTRODUCTION

The Menominee Indian Tribe of Wisconsin is 
concerned about the potential effects of proposed 
large-scale underground zinc-copper mining near 
the Menominee Reservation on the Reservation 
water resources. To address these concerns, the 
U.S. Geological Survey (USGS), in cooperation 
with the Menominee Tribe, conducted a hydro- 
logic study of the Reservation. The objectives of 
the study were to characterize the ground- and 
surface-water hydrology and quality within the 
Menominee Indian Reservation.

Purpose and Scope

This report summarizes selected ground- 
water and surface-water data collected from 
October 1981-September 1987 on (and adjacent 
to) the Menominee Indian Reservation. This



report is not intended to be a comprehensive 
description of water resources of the Reservation, 
but rather it presents baseline water data for use 
by tribal planners and others in future site- 
specific investigations and studies concerned 
with long-term water-quality trends in the Reser­ 
vation area.

Some data have been analyzed and inter­ 
preted; other data are presented in tabular form 
with minimal discussion. Data from test holes, 
seismic-refraction survey lines, and sampled and 
measured wells were used to compile water- 
table, saturated thickness, and bedrock-altitude 
maps. Results of displacement-recovery (slug) 
tests in 11 observation wells were analyzed to 
estimate the hydraulic properties of the sand and 
gravel aquifer. Streamflow data were used to 
determine flow duration and flood and low-flow 
frequencies of the Wolf River at Keshena Falls 
near Keshena. Water samples from 78 wells, 
13 streams, and 15 lakes were analyzed to 
describe the chemical characteristics of water 
throughout the Reservation.

Physical Setting

The Menominee Indian Reservation is 
located in northeastern Wisconsin (pi. 1). Reser­ 
vation boundaries coincide with those of 
Menominee County, encompassing an area of 
346 mi2 . Ninety-three percent of the Reservation 
is classified as forested (Hansen and Hole, 1967). 
Lumbering is the major industry on the Reserva­ 
tion and this resource is closely managed by the 
tribe.

The towns of Keshena and Neopit are the 
major population centers on the Reservation. The 
population on the Menominee Reservation is 
2,672 (Wisconsin Legislative Reference Bureau, 
1987).

The Wolf River flows from north to south 
through the Reservation, and its tributaries 
drain most of the Reservation. The eastern quar­ 
ter of the Reservation is drained by the South 
Branch of the Oconto River, which flows eastward 
into Oconto County. Within Reservation bound­ 
aries are 44 lakes, which range in size from 
Legend Lake (1,304 acres) to Red Springs Lake 
(1 acre). Most lakes are small; only 12 are larger 
than 50 acres (Wisconsin Department of Natural 
Resources, 1981). Land surface altitude ranges

from about 1,400 ft above sea level in the north­ 
west to about 800 ft in the southeast. Local 
topographic relief is about 20 to 50 ft.

The Reservation is underlain by the southern 
extension of the Canadian Shield. Most of the 
Reservation is underlain by Precambrian crystal­ 
line granitic and syenitic rock of the Wolf River 
Batholith, which is known locally as Wolf River 
granite. In the extreme southeastern portion of 
the Reservation, the bedrock is composed of 
quartz monzonite (Mudrey and others, 1982). 
The bedrock surface slopes irregularly to the 
southeast at about 26 ft/mi (pi. 2).

Till (overlying 26.1 percent of the county) and 
outwash (overlying 72.1 percent of the county) 
are the predominant glacial deposits overlying 
the bedrock. The distribution of glacial deposits, 
soils, and vegetation was mapped by Hanson and 
Hole (1967). Maximum thickness of the glacial 
deposits is about 180 ft in the southeastern part 
of the Reservation. Bedrock is exposed in places 
in the central and eastern parts of the Reserva­ 
tion.

Site-Identification Systems

Each stream station, lake site, and ground- 
water site mentioned in this report is assigned a 
unique identification number. The systems used 
by the USGS to assign identification numbers for 
stream sites and for lake and ground-water well 
sites differ, but both systems are based on geo­ 
graphic location.

An eight-digit "downstream-order number" is 
used for sites on streams. The first two digits 
denote the main drainage basin ("04" is assigned 
to the Lake Michigan Basin); the last six digits, 
which increase in downstream order, are unique 
to a specific site.

Lake and ground-water sites are identified by 
a unique 15-digit number that is a concatenation 
of the site's latitude and longitude and a two-digit 
sequence number. The sequence number is used 
to distinguish between sites with the same lati­ 
tude-longitude designation. Each ground-water 
site is also identified by a local number based on 
the cadastral-survey system of the U.S. Govern­ 
ment. The number consists of an abbreviation of 
the county name; the township, range and sec­ 
tion; and a four-digit number assigned to the 
well. For example, site ME-29/13E/13-0017 is in



Menominee County (ME), township 29 north, 
range 13 east, section 13; its sequence number is 
17. On plate 1 only the sequence number is used 
to identify ground-water sites.
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WATER RESOURCES

The results and interpretation of data col­ 
lected to describe the ground- and surface-water 
resources of the Menominee Indian Reservation 
are discussed below. Results of all analyses and 
measurements are listed in appendixes 1 and 2.

Ground Water

Ground water is the source of all domestic 
water used on the Menominee Reservation. A 
bedrock aquifer is formed on the weathered top 
20 feet of the Precambrian granite. An aquifer of 
saturated, permeable sand and gravel in layers, 
lenses, terrace deposits, and valley fillings over­ 
lies the granite (in places). Both aquifers lack 
laterally extensive low-permeability clay and silt 
layers. As a result, the aquifers are unconfined 
(under water-table conditions) throughout the 
Reservation area.

The ground-water hydrology of the Reserva­ 
tion was investigated by several means. Water 
levels were measured, geologic data from 
102 boreholes were analyzed (appendix 1), and 
17 seismic-refraction surveys (pi. 1) were used to 
define the water-table altitude and the saturated 
thickness of the sand and gravel aquifer. In addi­ 
tion, displacement-recovery tests were conducted 
to estimate the horizontal hydraulic conductivity 
of the sand and gravel aquifer (appendix 2).

Water-Table Configuration and Saturated 
Thickness

The configuration of the water table in the 
study area is shown on plate 3. Generally, the 
configuration of the water table is similar to sur­ 
face topography but somewhat subdued. The 
water table most closely resembles surface topog­

raphy in areas of low permeability (areas man­ 
tled by till) because infiltrating recharge cannot 
dissipate as quickly as in areas of high perme­ 
ability (areas mantled by sand and gravel). 
Within the areas of low permeability, closely 
spaced contours indicate a steep horizontal gradi­ 
ent of the water table (pi. 3). In contrast, widely 
spaced contours in areas of higher permeability 
indicate a slight horizontal gradient of the water 
table.

The water table is at or near the surface in 
the vicinity of some lakes and wetlands. In other 
parts of the study area, depth to the water table 
can be as great as 80 ft. Generally, ground water 
flows from topographic high areas to topographic 
low areas, where it discharges to streams, lakes, 
and wetlands. Generalized horizontal ground- 
water flow in the study area is shown on plate 3.

Saturated thickness of the glacial deposits is 
shown on plate 4. Saturated thickness was calcu­ 
lated by subtracting bedrock-surface altitudes 
from associated water-table altitudes. Although 
saturated thickness ranges from zero (at bedrock 
outcrops) to approximately 150 ft, a 50-foot thick­ 
ness is common in most parts of the Reservation. 
Generally, areas of thick saturated permeable 
materials would be the most favorable location 
for water-supply wells.

Aquifer Properties and Ground-Water Flow

Aquifers transmit water from recharge areas 
to discharge areas. The factors that affect the 
quantity of ground water transmitted are 
expressed in Darcy's Law:

= KxAxdh/dl, (1)

where

Q is the quantity of ground water per unit 
time,

K is the hydraulic conductivity of the 
aquifer,

A is the cross-sectional area (perpendi­ 
cular to flow), and

dh/dl is the hydraulic gradient.

Hydraulic conductivity indicates the ability 
of an aquifer to transmit water. In this report, 
hydraulic conductivity is expressed in terms of



foot per day (ft/d) 1 . Displacement-recovery tests, 
or "slug" tests, were used during this study to cal­ 
culate horizontal hydraulic conductivity. In a 
test, a known quantity of water (or "slug") in a 
well is displaced, and subsequent recovery of the 
water level as a function of time is monitored 
(Bouwer and Rice, 1976). The local horizontal 
hydraulic conductivity in the immediate vicinity 
of the well can be calculated from the rate of 
water-level recovery.

The hydraulic conductivity values from 
11 slug tests of wells finished in materials that 
varied in grain size from silt to coarse sand in the 
Reservation range from 0.1 to 55 ft/d (appendix 
2). This variation is likely a result of the inhomo- 
geneity of the sand and gravel aquifer at the local 
scale of the displacement-recovery tests. These 
hydraulic conductivities, however, are within the 
ranges for silty sand, till, and clean fine sand 
given by Freeze and Cherry (1979, p. 29). The 
geometric mean of hydraulic conductivities for 
six wells screened in fine to medium sand is 5 ft/d.

The hydraulic conductivity of the crystalline 
Precambrian bedrock largely depends on the 
presence or absence of fractures within the bed­ 
rock. A value of 0.3 ft/d is estimated on the basis 
of the fracture width and spacing measured from 
bedrock outcrops on the Stockbridge-Munsee 
Reservation which is located adjacent to the 
southern boundary of the Menominee Reserva­ 
tion. This estimate was made using a form of the 
cubic law (U.S. Environmental Protection 
Agency, 1989, p. 17).

Horizontal hydraulic gradients define the 
slope of the water table. Specifically, the slope is 
the change in water level divided by the horizon­ 
tal distance. The water-table map (pi. 3) indicates 
that horizontal hydraulic gradients of a till unit 
and the sand and gravel aquifer in the study area 
are typically 0.01 ft/ft and 0.005 ft/ft, respec­ 
tively.

The rate of contaminant movement in aqui­ 
fers is commonly approximated by calculating 
ground-water velocity, even though estimates of 
ground-water velocity do not account for many 
contaminant-transport processes such as adsorp­ 
tion, decay, or dispersion (Freeze and Cherry,

1Foot per day is a mathematical reduction of 
cubic foot per day per square foot f(ft3/d)ft2].

1979, p. 75). Ground-water velocities are esti­ 
mated by use of the following modified form of 
Darcy's Law:

where

v 

K

v = K/n x dh/dl,

is the ground-water velocity,

is the hydraulic conductivity of the 
aquifer,

(2)

n is the porosity of the aquifer, and 

dh/dl is the hydraulic gradient.

The porosity of an aquifer is defined as the 
volume of void space in the aquifer divided by the 
total volume of the aquifer. Porosities commonly 
range from 40 to 70 percent, 25 to 50 percent, and 
25 to 40 percent for clay, sand, and gravel, respec­ 
tively (Freeze and Cherry, 1979, p. 37). If ground 
water is to move freely through an aquifer, how­ 
ever, the aquifer must be somewhat permeable. 
For example, porosities of clay deposits are gen­ 
erally high, but permeabilities generally are low. 
Thus, the water within clay deposits is not easily 
obtainable.

For the sand and gravel aquifer, using a 
hydraulic conductivity of 55 ft/d (the highest esti­ 
mated value from the "slug" tests), an average 
porosity of 25 percent, and an average horizontal 
hydraulic gradient of 0.005 ft/ft, the resultant 
estimated ground-water velocity from equation 2 
is 1 ft/d. Using a horizontal hydraulic conductiv­ 
ity of 0.1 ft/d (the lowest estimated value from the 
"slug" tests), an average porosity of 25 percent 
and an average horizontal hydraulic gradient of 
0.01 ft/ft, the estimated ground-water velocity is 
0.04 ft/d. It should be noted that stresses imposed 
upon the ground-water system, such as pumping, 
can affect one or more of the variables used in 
these calculations, and can result in different 
ground-water velocity estimations than are 
reported here.

Surface Water

On a regional scale, the Menominee Reserva­ 
tion is part of the Lake Michigan surface-water 
drainage basin. The intermediate river basins in 
the vicinity include the Fox-Wolf and the Menom- 
inee-Oconto-Peshtigo river basins. Within these 
basins, the Wolf and the South Branch of the



Oconto, are the two primary local surface-water 
drainage basins in the Reservation (pi. 1).

Streams

Streamflow was measured continuously from 
1907 through 1985 on the Wolf River at Keshena 
Falls near Keshena (pi. 1, State No. 04077000). 
The drainage area of flow measured at this gage 
is 788 mi2 . The average discharge was 762 fWs 
for the period of record. Maximum instantaneous 
discharge was 5,200 ft3/s recorded on March 15, 
1973, and the minimum was 91 ft3/s recorded on 
December 22, 1939. The average discharge is 
equivalent to a runoff rate of 13.1 in./yr over the 
entire drainage area. This gage was moved to 
near the city of Shawano, downstream from the 
Reservation, in 1986 (Holmstrom and others, 
1986).

A flow-duration table (table 1) indicates the 
percentage of time that a specified discharge is 
equaled or exceeded during the period of record. 
For example, streamflow in the Wolf River at 
Keshena Falls near Keshena equaled or exceeded 
1,018 ft3/s 20 percent of the time over the 
79 years of record.

Low-flow and flood-frequency characteristics 
were estimated using mean-daily discharge for 
the period of record at the Wolf River at Keshena 
Falls near the Keshena gage. The recurrence 
intervals were determined using a log-Pearson 
TVpe III distribution. The low-flow frequency 
analysis was determined with minimum annual 
discharges, whereas the flood-frequency analysis 
was determined by annual maximum discharges 
for the various recurrence intervals. For exam­ 
ple, table 2 indicates that the average time 
interval between floods having a discharge of at 
least 3,550 ft3/s is 10 years and that the average 
time interval between a low-flow period of at 
least 7 consecutive days having a maximum dis­ 
charge of 310 ft3/s is 10 years. The flow-duration 
table (table 1) indicates the percentage of time 
that the 10-year flood and the 10-year, 7-day 
low-flow period are exceeded is less than 5 per­ 
cent and greater than 95 percent, respectively.

Ground water sustains streamflow during 
low-rainfall periods in the Reservation. The con­ 
tribution of ground water to streamflow was 
estimated for the Wolf River at Keshena Falls 
near Keshena during water year 1985 (October 
1984 through September 1985) by separating

streamflow empirically into its base-flow compo­ 
nent (the contribution from ground water) and its 
surface runoff component (fig. 1). During this 
period, about 87 percent of the discharge to the 
Wolf River within the basin was contributed from 
ground water.

Base flow is also commonly expressed by the 
value Q7 2 or Q7) io- For example, as described in 
table 2, the Q7 2 for the Wolf River at Keshena 
Falls near Keshena is 393 ft3/s, which is the 
base-flow discharge that will occur on the aver­ 
age once every 2 years for a 7-day period.

Base flow for ungaged streams can be esti­ 
mated using equations and methods developed 
by Holmstrom (1980). For example, the South 
Branch of the Oconto River near Breed, one of the 
stream-water quality sites (04070720), has a 
drainage area of 143 mi2 and is estimated to have 
a Q7j2 of 76 ft3/s and a Q7)10 of 58 ft3/s (Holm­ 
strom, 1980).

Lakes

Lakes in Wisconsin can be divided into three 
hydrologic types: 1) lakes with at least one inlet 
and outlet; 2) lakes with only an outlet; and 
3) lakes without inlets or outlets (Novitzki and 
Devaul, 1978). The 15 lakes investigated in the 
study vicinity are classified in appendix 9.

Lake types may also have various degrees of 
hydraulic connection to the surrounding ground- 
water system. However, it is difficult to assess 
the degree of interaction through investigation of 
the physical system. The degree of interconnec­ 
tion is often reflected in the ground-water and 
lake-water chemistries. Results of water-quality 
sampling for all three lake types and the ground- 
water system, and a discussion of lake ground- 
water interaction, are presented in the following 
section of this report.

Water Quality

The results of analyses of water samples col­ 
lected from ground-water and surface-water 
systems in the study area are discussed below. 
All water samples were collected in accordance 
with USGS standard practice (U.S. Department 
of the Interior, 1977) and were analyzed at the 
USGS National Water-Quality Laboratory in 
Denver, Colo. Specific conductance, temperature, 
and pH were measured in the field at the time of



Table 1. Duration of daily flow, Wolf River at Keshena Falls near Keshena

Discharge, in cubic feet per second, that was exceeded for indicated percent of time

Percent

Discharge

Percent

Discharge

5

1,670

60

578

10

1,334

70

522

20

1,018

80

470

30

833

90

415

40

721

95

379

50

643

Table 2. Flood and low-flow frequency, Wolf River at Keshena Falls near Keshena

Flood Frequency 

Peak discharge, in cubic feet per second for indicated recurrence interval, in years

Recurrence interval 

Discharge

2 

2,410

5 

3,080

10 

3,550

5 

4,160

50 

4,648

100 

5,150

Consecutive-day period

Low-Flow Frequency

Discharge, in cubic feet per second for indicated recurrence 
interval, in years

2

7 393

14 407

30 426

60 452

90 483

5

336

349

367

392

418

10

310

323

340

365

389

20

290

302

320

345

366

sample collection. Results of all analyses are 
listed in appendixes 3-9.

Ground Water

Water samples for chemical analysis were 
collected from wells in the sand and gravel and 
bedrock aquifers to characterize the ambient 
quality of ground water on the Menominee 
Indian Reservation. The number of analyses dif­ 
fers by constituent, but the data summaries 
shown in table 3 are based on up to 58 analyses 
of water from the sand and gravel aquifer and up 
to 17 analyses of water from the bedrock aquifer 
(appendixes 3-6).

The principal dissolved constituents in water 
from both aquifers are calcium, magnesium, and 
bicarbonate. The composition of the dissolved sol­ 
ids in the water is shown in figure 2. The 
similarity in composition of water from the two 
aquifers is reasonable because water in the bed­ 
rock aquifer is generally from local recharge from 
the overlying sand and gravel aquifer.

Ground-water quality for the sand and gravel 
aquifer on the Reservation is similar to ground 
water from this aquifer throughout north-central 
Wisconsin. Median concentrations of dissolved 
solids, chloride, and sulfate reported by Kam- 
merer (1984, p. 31) for the larger area may be
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Table 3. Summary of ground-water-quality data for the Menominee Indian Reservation, 1982-87
[Percent of wells where indicated value is equaled or exceeded (all units are in milligrams per liter unless 
otherwise indicated).]

Percentile

No. of 
wells

Minimum 90 75 50 
(median)

25 10 Maximum

Sand and gravel aquifer

Specific conductance
(|is/cm)

pH (standard units) 
Hardness (as CaCO3) 
Calcium 
Magnesium 
Sodium 
Potassium
Alkalinity (as CaCO3) 
Sulfate 
Chloride 
Dissolved solids

(at180°C)

Precambrian aquifer 

Specific conductance

pH (standard units) 
Hardness (as CaCO3) 
Calcium 
Magnesium 
Sodium 
Potassium
Alkalinity (as CaCO3) 
Sulfate 
Chloride 
Dissolved solids 

(at180°C)

60
58
50
50
50
30
30
55
55
55

55

17
17
13
13
13
4
4

17
17
17

17

67
6.8

10
2.3
1.1
1.0

.4
26

.2

.2

40

165
6.6

60
14

6.0
2.3

.7
72

6.7
.2

95

131
7.4

57
13
5.5
1.3

.5
52

4.9
.2

87

169
7.3

68
16
7.2
2.3

.7
74

8.5
.2

113

281
7.6

120
25
12

1.9
.9

127
7.6

.7

143

312
7.6

114
22
12
2.4

.8
134

10
.2

159

353
7.8

171
38
18
2.3
1.2

179
13

1.5

206

365
8.0

165
35
19

4.1
1.2

175
12

1.1

206

425
8.0

209
44
24

3.1
1.5

211
16
5.4

237

412
8.0

201
44
26
11
2.4

213
17
2.0

233

494
8.2

255
55
28

8.6
2.1

236
19
17

487
8.4

240
49
32
13
2.7

243
20
17.4

700
9.3

320
76
36
14
7.9

311
37
69

283 447

515
8.6

240
51
32
13
2.7

250
24
29

285 299

compared to the median concentrations for the 
Reservation shown in table 3. An exception to the 
similarity is in dissolved-solids concentration. 
The principal dissolved constituents (calcium, 
magnesium, and bicarbonate) in water on the 
Reservation are the same as those reported by 
Kammerer (1984, p. 28-29) for the larger area, 
but dissolved-solids concentrations on the Reser­ 
vation are higher. The median value shown in 
table 3 is 206 mg/L compared to 146 mg/L 
reported by Kammerer. This difference is due to 
differences in the mineral composition of the

aquifer between the Reservation and the larger 
area. The glacial deposits that comprise the sand 
and gravel aquifer on the Reservation contain 
more calcareous minerals than those in the 
larger area, causing higher dissolved-solids con­ 
centrations. Median chloride and sulfate concen­ 
trations of 2.2 and 7.2 mg/L, respectively, repor­ 
ted by Kammerer are similar to the median con­ 
centrations of 1.5 and 13 mg/L, respectively, 
shown in table 3 for the Reservation.

Since the principal use of ground water on 
the Menominee Reservation is for domestic sup-
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Figure 2. Diagrams showing the composition of dissolved solids in water at the Menominee Indian 
Reservation.



ply, water samples were analyzed for consti­ 
tuents for which maximum permissible concen­ 
trations are specified by U.S. Environmental 
Protection Agency (USEPA) maximum contami­ 
nant levels (MCL's) and secondary maximum 
contaminant levels (SMCL's) (table 4). Values 
exceeding MCL's would likely be due to local 
ground-water contamination or to more exten­ 
sive natural sources. Reconnaissance data of the 
type reported here is only an indication of the 
presence or absence of large-scale contamination 
or high concentrations from natural sources. The 
data probably does not adequately represent 
instances of local contamination.

Results of the reconnaissance indicate that 
there is no widespread problem with respect to 
high concentrations of health-related inorganic 
constituents in ground water on the Reservation 
(appendixes 3 to 6). The MCL for cadmium was 
slightly exceeded in water from one well 
(MN-28/15E/30-0021).

The principal ground-water-quality problems 
on the Reservations that affect use of ground 
water for domestic water supplies are iron and 
manganese concentrations that exceed SMCL's 
(table 4 and appendixes 4 and 6) and excessive 
hardness (appendixes 3 and 5).

Iron or manganese concentrations exceeding 
drinking-water standards may cause objection­ 
able tastes, staining of laundry and plumbing 
fixtures, and clogging of well screens and distri­ 
bution systems. Concentrations exceeding the 
standards are common in Wisconsin's ground 
water, including that of the Reservation. Iron and 
manganese concentrations were measured in 
water from 45 wells on the Reservation. Concen­ 
trations exceeding SMCL's were found in one- 
quarter to one-half of the water samples. The 
measured concentrations were subject to large 
local differences, but the incidence of concentra­ 
tions exceeding drinking-water standards agrees 
with that reported by Kammerer (1984, p. 33) for 
ground water in north-central Wisconsin. The 
proportion of samples with excessive iron or man­ 
ganese concentrations was similar for water from 
the sand and gravel aquifer and the bedrock 
aquifer.

Hard water can form insoluble residues when 
it is heated or comes in contact with soap. The 
relative hardness of water supplies may be com­

pared using the following classification scheme 
(Durfor and Becker, 1964, p. 27).

Hardness range 
(mg/L as calcium 

carbonate)

Hardness description

0-60 
61-120 

121-180 
Greater than 180

Soft
Moderately hard 
Hard 
Very hard

Applying this classification to hardness val­ 
ues for the Reservation summarized in table 3 
indicates that water from approximately three- 
quarters of the wells sampled can be classified as 
hard to very hard.

Measurements of other constituents and 
properties with SMCL's (table 4) indicate a low 
incidence of values exceeding the standards. Dis­ 
solved solids, sulfate, and chloride concentrations 
summarized in table 3 are all less than the 
respective secondary standards of 500, 250, and 
250 mg/L.

Streams

Samples of water for chemical analysis were 
collected from 14 streams on the Reservation 
during periods of low flow from 1982-87. The 
stream sites where samples were collected for 
chemical analysis are listed in appendixes 7 and 
8, and their locations are shown on plate 1. These 
analyses were used to compute a median compo­ 
sition of stream water at low flow which is 
represented in the diagram in figure 2. The chem­ 
ical composition of the dissolved solids in the 
stream at low flow is similar to that of ground 
water. Water in these streams during low-flow 
periods is derived largely from ground-water dis­ 
charge; hence the similarity in their compo­ 
sitions.

Lakes

Water samples collected from the surface of 
15 lakes on the Reservation during the summer 
of 1984 were analyzed to characterize the compo­ 
sition of the dissolved solids (appendix 1). The 
samples were collected from 9 lakes without 
inlets or outlets, 1 lake with an outlet only, and 
5 lakes with inlet(s) and outlet(s). The median 
chemical composition of the dissolved solids in 
water from lakes in each classification is similar,

10



Table 4. Summary of selected U.S. Environmental Protection Agency drinking-water regulations

[From U.S. Environmental Protection Agency, 1990. All units are milligrams per liter unless otherwise 
specified. Dash indicates not applicable.]

Constituent or property Maximum Contaminant Level Secondary Maximum Contaminant Level

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver
Fluoride
Nitrate (as nitrogen)
Chloride
Copper
Iron
Manganese
pH (standard units)
Sulfate
Total dissolved solids
Zinc

0.050
1.0

.010

.050

.050

.002

.010

.050
4.0

10
250 

1
.3 
.05

6.5-8.5 
250 
500 

5

but the median dissolved-solids concentration 
reflects the lake type. The median composition 
and dissolved-solids concentration of water from 
lakes of each hydrologic type are shown on fig­ 
ure 2. The composition (relative proportion of 
principal inorganic constituents) of water from 
each lake type is similar to ground water and 
streams at low flow, indicating that ground water 
is the primary source of the dissolved constitu­ 
ents in the lakes.

Differences in the dissolved-solids concentra­ 
tions among the lake types reflects the relative 
importance of precipitation as a source of the 
water in each type of lake. The dissolved-solids 
concentration in precipitation is low, so precipita­ 
tion falling on the lake surface or entering the 
lake as surface runoff dilutes the water in the 
lake (decreases the dissolved-solids concentra­ 
tion). The diagrams in figure 2 show that 
dissolved-solids concentrations in lakes with 
inlet(s) and outlet(s) and the lake with an outlet 
only, are slightly less than those in ground water 
or streams at low flow, indicating the relative 
importance of ground water as a source of water 
to these lake types. Dissolved-solids concentra­ 
tion in water from lakes with no inlets or outlets 
is considerably lower (fig. 2), indicating that pre­

cipitation is a larger source of water in this type 
of lake when compared to the other types.

SUMMARY

A hydrologic study was conducted on the 
Menominee Indian Reservation in northeastern 
Wisconsin by the U.S. Geological Survey, in coop­ 
eration with the Menominee Indian Tribe of 
Wisconsin. This area consists of unconsolidated 
glacial material overlying Precambrian crystal­ 
line bedrock. The unconsolidated sediments 
range from 180 ft in thickness to zero feet in 
areas where bedrock crops out at the surface.

Most water used for domestic purposes in the 
Reservation is obtained from underlying aqui­ 
fers. Glacial sand and gravel deposits and 
shallow fractured Precambrian bedrock form the 
aquifers. These aquifers are generally uncon- 
fined. The glacial deposits have a saturated 
thickness ranging from approximately 150 ft (in 
areas where the glacial deposits are relatively 
thick) to zero feet (in areas where the bedrock 
crops out). Fifty feet of saturated thickness is 
common on the Reservation. Horizontal hydrau­ 
lic conductivity of the glacial deposits was 
analyzed using displacement-recovery ("slug")
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tests in several wells. The horizontal conductivity 
was estimated to range from 0.1 to 55 ft/d with a 
geometric-mean horizontal hydraulic conductiv­ 
ity of 5 ft/d for wells finished in fine to medium 
sand. The horizontal hydraulic conductivity of 
the bedrock aquifer was estimated to be about 
0.3 ft/d.

The horizontal hydraulic gradient, or slope, 
of the water table typically ranged from 
0.005 ft/ft in the sand and gravel aquifer to 
0.01 ft/ft in the till unit. Estimates of ground- 
water velocities within the glacial deposits range 
from about 1 ft/d to about 0.04 ft/d.

Reservation lands lie within two surface- 
water basins: the Wolf and the South Branch of 
the Oconto. Flow duration and low-flow and 
flood-frequency characteristics for the Wolf River 
were estimated using mean-daily discharges for a 
stream gage located at Keshena Falls near Kesh- 
ena during the period 1907-85. Analysis shows 
that ground-water flow accounts for about 87 per­ 
cent of the discharge to Wolf River within the 
basin.

The ground water from the sand and gravel 
and bedrock aquifers is a calcium magnesium 
bicarbonate type. This is similar to ground water 
throughout a large part of north-central Wiscon­ 
sin. Three-quarters of the ground-water samples 
analyzed during the study indicated hard to very 
hard water with a median hardness equal to 171 
and 165 mg/L as calcium carbonate for the sand 
and gravel and bedrock aquifers, respectively.

Sampled ground water did not exceed 
USEPA MCL's, with the exception of cadmium in 
one well. SMCL's were exceeded for iron and 
manganese in one-quarter to one-half of the 
wells. Although elevated concentrations of iron 
and manganese do not pose health risks, they can 
result in objectional taste and staining of laundry 
and plumbing fixtures.

Water samples collected from Reservation 
streams and lakes were similar to ground water 
(calcium magnesium bicarbonate type), reflecting 
the strong surface-water/ground-water interac­ 
tion in the study area. The chemical composition 
of water from lakes having inlets or outlets indi­ 
cate that they are less affected by precipitation 
than are lakes that do not have inlets or outlets.
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